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A =0 for ¢ > o and n - & odd
LT

(224! (n-2+1) 1!
(n-2+1) M (n+i+1) 1!

for £ < n and n - & even. (@)

With the use of eqn (6) together with the well-known Rayleigh expansion of

exp(-tk-R), one finds

1 32 L+n - -
TSR ONIC RN CL b et N CE3) A Yy (R (1)
LM, 2,m
o2 % oo l0) el
aanoan, W (Lt | )X (R) (8)
and wnrgzv is defined by
1, (R) - —3 ?r 26 (1)1, (kR) )
nL A L *

(2n) 3,

In eqn (8), (LiMm|iu) is a Clebsch-Gordan nonnm»n»aSn.u The summation of terms
of the form of eqn (8) yields the Taylor series, as indicated by eqn (2).
The Taylor series for a scalar function G(r) has & simpler form. With the

use of i=yp=0, and the sddition theorem for the spherical harmonic functions,

one finds

T 1 n 1Y b ' ne -2

I =(r-m6(R) = (4m) = 7 -0TA P (xR (R) (10)
a0 nl . - a=0 nt tm nt 2 nt
where v~axv is the Legendre polynomial of order t and m.m = cos8 where ¢ is the

angle between the vectors r and R.

-5-

Taylor Series for Representative Potential Energy Functions

It is possible to derive several potential energy functions from one single

form, the Yukawa, or Debye-Hiickel, potential:
y(a,r) = exp(-ar)/r. an
The Coulomb electrostatic interaction follows as a limiting process:

1/t = lim y(a,r). 12)
a0

The differentiation of y(a,r) with respect to a yields the exponential:

et .o %W y(a,r).

Finally, integration according to eqn (14) yields the inverse power law 9

q___1 -2

r Aa|~v_‘lal a' “y(a,r). \ (14)
0

Each of these opersations can be applied to the Taylor series for the Yukava

potential in order to derive the individual series.

The Taylor series for the Yukawa potential s

n - -
ya,oem) = a [ L8 b (reROK R as)
n,t

where rsﬁuv is the modified epherical Bessel function of the third r»=u.5

The limit as a tends to zero yields the familiar Laplace expansion of the
Coulomb potential; this is easily verified with the use of the limiting fors

of the Bessel nzson»ou.»
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